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Rbsum6.-On montre expbrimentalement que dans 1'He I1 en r o t a t i o n "auto-accblbrbe", l e r6seau de l i g n e s de vortex prLsente une i n s t a b i l i t b .
Abstract.-New experiments on r o t a t i n g He I1 display a jump-like change i n t h e number of v o r t i c e s and i n the vortex l a t t i c e constant.
During the i n v e s t i g a t i o n of t h e p r o p e r t i e s of the r o t a t i n g helium we have discovered and thoroughly studied a t our laboratory /I-8/ the a b i l i t y of t h i s l i q u i d t o r e t a i n the s t a t e of metastable rotat i o n ( t h e absence of v o r t i c e s i n helium 11, presence of quantized v o r t i c e s i n helium I, e t c ) f o r a lang time.
This f a c t suggested an idea t o E.L. Andronikashvili and J.S. Tsakadze /9/ t h a t the formation o r decay of v o r t i c e s may represent the phase t r a n s i t i o n of the f i r s t order (accompanied by the absorption o r r e l e a s e of energy equal t o the t o t a l energy of t h e formed o r decayed v o r t i c e s ) . However, t h i s p o i n t of view could not be confirmed on t h e b a s i s of the measurements of t h e r o t a t i n g l i q u i d helium density.
Nevertheless, we should r e t u r n to the problem of the nature of the phenomena observed i n r o t a t i n g l i q u i d helium taking i n t o account our new experiment a l r e s u l t s . W e have already reported a p e c u l i a r phenomenon -the s e l f -a c c e l e r a t i o n of the v e s s e l f i l l e d with helium I1 r o t a t i n g with small slow down / l o / .
It should be r e c a l l e d t h a t i n t h i s work we have used a c y l i n d r i c a l v e s s e l suspended i n the magnetic f i e l d without a support. The v e s s e l was f i l l e d with l i q u i d helium and r o t a t e d i n helium vapors above the l e v e l of t h e l i q u i d i n a c r y o s t a t . The recording of the r o t a t i o n r a t e was r e a l i z e d by the system c o n s i s t i n g of a photosensitive element and an e l e c t r i c c i r c u i t connected t o the computer c o n t r o l l i n g the f i x a t i o n and treatment of the experimental r e s u l t s . A f t e r the i n i t i a l a c c e l e r a t i o n r e a l i z e d by t h e asynchronous electromotor with r o t o r a x i a l l y f i x e d to t h e v e s s e l , the apparatus could r o t a t e f o r hours, smoothly slowing down due to f r i c t i o n a g a i n s t the s a t u r a t e d W e have repeatedly observed the cases of spontaneous a c c e l e r a t i o n of the apparatus f i l l e d with helium I1 a f t e r a r a t h e r long period s i n c e the beginning of r o t a t i o n (as was p a r t i a l l y reported i n the paper of J . Tsakadze and S. Tsakadze /12/) . The measurements were c a r r i e d out a t T = 1.46 K. The port i o n of t h e curve of t h e dependence of the r o t a t i o n r a t e logarithm of on time t corresponding t o spontaneous a c c e l e r a t i o n of the apparatus i s shown i n f i g u r e 1 . W e explain the phenomenon of selfi-acceleration of Helium I1 f r e e l y r o t a t i n g a t a low f r i c t i o n , as a r e s u l t of simultaneous disappearance of a l a r g e number of v o r t i c e s , the moment of momentum of which i s t r a n s f e r r e d t o t h e vessel. I n o t h e r words, a t t h e angular v e l o c i t y a t which s e l f -a c c e l e r a t i o n of the r o t a t i n g l i q u i d takes place, vortex l a t t i c e i s i n a metastable s t a t e i n which the density of v o r t i c e s exceeds the d e n s i t y which should correspond t o the given v e l o c i t y of the v e s s e l . This "oversaturation"
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The jump-like change of t h e number of v o r t i c e s i s accompanied by a jump-like change of t h e v o r t e x l a t t i c e c o n s t a n t . Simultaneously, t h e phenomenologic a l wave f u n c t i o n Y d e s c r i b i n g t h e s t a t e of t h e con4
densate a l s o changes i n a jump-like way.
This phenomenon can be considered a s a s p e c i a l type of quantum phase t r a n s i t i o n . Helium I1 i s known t o be a coherent macroscopic system which may be des- another by t h e i r eigenvalues of t h e moment of t h e l1 and 12. Since i n our c a s e t h e t r a n s i t i o n from s t a t e l1 i n t o s t a t e l 2 i s jump-like, t h e process under c o n s i d e r a t i o n i s a phase t r a n s i t i o n . I n t h e re-
view /13/ t h i s c o n d i t i o n i s demonstrated by means of a phenomenological wave f u n c t i o n . Even i f a s i n g l e v o r t e x i s formed i n r o t a t i n g helium 11, a phase trans i t i o n takes p l a c e . The phase diagram of r o t a t i n g helium I1 f o r t h e following s t a t e s : without v o r t i c e s w i t h a s i n g l e v o r t e x , two v o r t i c e s e t c , i s d e s c r i b e d
i n review /13/. I n t h e p r e s e n t case we come a c r o s s a phase t r a n s i t i o n of q u i t e a new type. This phase t r a n s i t i o n of q u i t e a new type. This phase t r a n s it i o n i s connected w i t h jump-like change of t h e t o t a l number of v o r t i c e s and t h e . l a t t i c e c o n s t a n t ( t h e d i stance betwee; v o r t i c e s ) . This phenomenon i s e n t i r e l y new a s t h e phase t r a n s i t i o n takes p l a c e n o t i n t h e system of atoms o r molecules b u t i n t h e system of v o r t i c e s , each of them involving i n t o i t s moment a macroscopic number of helium atoms. As i t was noted a above, t h e t r a n s i t i o n i s c h a r a c t e r i z e d by t h e poss i b i l i t y of formation of metastable s t a t e s and l a rge r e l a x a t i o n times.
I t should be p o i n t e d o u t t h a t i n t h e l i g h t of t h e s t a t e d f a c t s and t h e i r i n t e r p r e t a t i o n t h e pro-
blem of t h e phase t r a n s i t i o n c h a r a c t e r i n r o t a t i n g helium 1-1 should be considered e x c l u s i v e l y from t h e quantum mechanical p o i n t of view.
I n conclusion i t should be mentioned t h a t according t o Packard hypothesis /14/ t h e decay of met a s t a b l e v o r t i c e s may cause t h e a c c e l e r a t i o n of puls a r s , which i s u s u a l l y a t t r i b u t e d t o s t a r q u a k e s . Our experiments e x p l i c i t l y confirm t h e v a l i d i t y of t h i s p o i n t of view. I n c a s e of a s t a r q u a k e f i r s t t h e hard s h e l l of p u l s a r and then t h e s u p e r f l u i d neutron liquid a r e a c c e l e r a t e d , while i n t h e c a s e of t h e decay of metastable v o r t i c e s t h e a c c e l e r a t i o n of t h e s h e l l follows t h e a c c e l e r a t i o n of t h e l i q u i d . It i s c l e a r t h a t i n t h e f i r s t c a s e a c c e l e r a t i o n i s s h a r p e r and relaxation i s longer than i n t h e second case. There i s i n d i c a t i o n i n l i t e r a t u r e t h a t one of t h e observed a c c e l e r a t i o n s of t h e Crab nebula p u l s a r d i f f e r s from i t s o t h e r a c c e l e r a t i o n s both by t h e shape of t h e a c c e l e r a t i o n curve and by t h e d u r a t i o n of r e l ax a t i o n processes /15/. It i s p o s s i b l e t h a t d u r i n g t h i s v e l o c i t y jump t h e a c c e l e r a t i o n a s s o c i a t e d w i t h t h e decay of m e t a s t a b l e v o r t i c e s was r e a l i z e d .
